Abstract: Aiming at stroke patients' hand rehabilitation training, we present a hand exoskeleton with both active and passive control modes for neural rehabilitation. The exoskeleton control system is designed as a human-robot interaction control system based on field-programmable gate array (FPGA) and Android mobile terminal with good portability and openness. Passive rehabilitation pattern based on proportional derivative (PD) inverse dynamic control method and active rehabilitation pattern based on impedance method, are established respectively. By the comparison of the threshold value and the force on the fingertip of the exoskeleton from the sensor, the automatic switch between active and passive rehabilitation mode is accomplished. The hand model is built in Android environment that can synchronize the movement of the hand. It can also induce patients to participate in rehabilitation training actively. To verify the proposed control approach, we set up and conduct an experiment to do the passive rehabilitation mode, active rehabilitation mode, and active plus passive mode experimental researches. The experiment results effectively verify the feasibility of the exoskeleton system fulfilling the proposed control strategy.
Introduction
Stroke often results in a combination of cognitive, sensory, and motor impairments. Now, it has become one of the main diseases threatening human survival and health [1, 2] . The most common impairment of stroke is hemiparesis, which results in dyskinesia of some parts of the body. It reflects not only in the upper and lower limbs, but also in the loss of motor function of the hand [2] . It was verified by rehabilitation medicine that exercises with high strength and repeatability can stimulate cortical layer to recombine to help the stroke patients learn to control the motion again [3] . The application of robotics and related technologies has greatly promoted the development of clinical techniques [4] [5] [6] . Recent researches have shown that exoskeleton devices are feasible and effective for hand rehabilitation [7, 8] .
Hand is one of the most important limbs of humans, and the rehabilitation of hand motor function can be assisted by exoskeleton robots [9] [10] [11] . Many dexterous and advanced mechanisms of hand exoskeletons have been studied and developed. But not all of them are developed for hand rehabilitation. For example, some of them are designed for master-slave systems [12, 13] and some others are designed as force-feedback devices [14] . They are limited in the number of independently actuated degrees of freedom. Their mechanism design ideas can be used as a reference for the study of the hand rehabilitation exoskeleton [15] [16] [17] [18] [19] . However, due to the special rehabilitation application, we need to modify the mechanism to make sure that exoskeleton and each finger joint have the same center of rotation, which avoids secondary injuries when the exoskeleton has direct contact with the hand [20] .
Exoskeleton Mechanism Description

Overall Design
The design of the exoskeleton mechanism has the following characteristics. Adopting proposed circuitous joints composed of the symmetric pinion and rack mechanism (SPRM) and the parallel sliding mechanism realize the nonlinear stretching displacement of the joint to cover wide workspace of the finger and ensure the force exerted by the exoskeleton is perpendicular to the bone of the finger. The control system on the forearm drives Bowden cable to accomplish the action.
Adopting exoskeleton technology, we design the hand rehabilitation exoskeleton as a wearable glove. The joint mechanisms and the number of degrees of freedom (DOF) are designed according to the physiological structure of the fingers, as shown in Figure 1 . The overall mechanical system is composed of three parts, that is, the exoskeleton finger mechanism, the adaptive dorsal metacarpal base, and the Bowden cable driven actuator. The exoskeleton, which is compact and portable, can fulfill rehabilitation training for all the joints of the fingers. Every exoskeleton finger has four rotational DOFs. The rear-mounted driven actuator module can be placed on the forearm of the patient, connecting the hand exoskeleton by Bowden cable, which is portable and can relieve the burden from the patient's wrist and fingers.
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Figure 1.
A hand exoskeleton system for rehabilitation: (a) overview; (b) the symmetric pinion and rack mechanism (SPRM) with the parallel mechanism; (c) the three joint modules; (d) the exoskeleton is attached to the extended middle finger by elastics and the exoskeleton is on the beginning state; (e) the middle finger with the exoskeleton flexes to the max range.
Joint Design
The key problem of the hand exoskeleton design is the design of the joints. The exoskeleton adopts the SPRM with the parallel mechanism as the joint module, which includes the metacarpophalangeal (MCP) joint, the proximal interphalangeal (PIP) joint, and the distal interphalangeal (DIP) joint, as shown in Figures 1b,c. The mechanism has the advantages of the SPRM and the parallel mechanism, which can realize the telecentric motion around the joint center and adapt to fingers of different thicknesses. Meanwhile, by adjusting the lengths between the exoskeleton joints, the exoskeleton can also adapt to fingers of different lengths. In addition, the force exerted by the exoskeleton is perpendicular to the finger bones, which avoids secondary damage [30] .
Design of Hardware and Software
Control System Architecture
The control system of the hand rehabilitation exoskeleton is composed of the hardware system, the mechanical system, and the human-robot interface rehabilitation software, as shown in Figure  2a . The control system adopts hierarchical control strategy, the upper layer control and the interface are designed on the tablet based on Android, and the lower layer control and the data collection are designed on the system on programmable chip (SOPC) based on field-programmable gate array (FPGA) chip. Nios II soft core is embedded into the SOPC as the core processor. The lower layer control algorithm is integrated on the Nios II, which can accomplish high-intensity data collection,
(d) Figure 1 . A hand exoskeleton system for rehabilitation: (a) overview; (b) the symmetric pinion and rack mechanism (SPRM) with the parallel mechanism; (c) the three joint modules; (d) the exoskeleton is attached to the extended middle finger by elastics and the exoskeleton is on the beginning state; (e) the middle finger with the exoskeleton flexes to the max range.
Joint Design
The key problem of the hand exoskeleton design is the design of the joints. The exoskeleton adopts the SPRM with the parallel mechanism as the joint module, which includes the metacarpophalangeal (MCP) joint, the proximal interphalangeal (PIP) joint, and the distal interphalangeal (DIP) joint, as shown in Figure 1b ,c. The mechanism has the advantages of the SPRM and the parallel mechanism, which can realize the telecentric motion around the joint center and adapt to fingers of different thicknesses. Meanwhile, by adjusting the lengths between the exoskeleton joints, the exoskeleton can also adapt to fingers of different lengths. In addition, the force exerted by the exoskeleton is perpendicular to the finger bones, which avoids secondary damage [30] .
Design of Hardware and Software
Control System Architecture
The control system of the hand rehabilitation exoskeleton is composed of the hardware system, the mechanical system, and the human-robot interface rehabilitation software, as shown in Figure 2a . The control system adopts hierarchical control strategy, the upper layer control and the interface are designed on the tablet based on Android, and the lower layer control and the data collection are designed on the system on programmable chip (SOPC) based on field-programmable gate array (FPGA) chip. Nios II soft core is embedded into the SOPC as the core processor. The lower layer control algorithm is integrated on the Nios II, which can accomplish high-intensity data collection, calculation, and real-time control. The lower layer hardware and the upper layer interface software are connected by Bluetooth communication module.
The basic working principle is as follows: the hand rehabilitation exoskeleton is worn on the patient's hand whose motion status is detected by the force sensors and angle sensors. The force calculation, and real-time control. The lower layer hardware and the upper layer interface software are connected by Bluetooth communication module.
The basic working principle is as follows: the hand rehabilitation exoskeleton is worn on the patient's hand whose motion status is detected by the force sensors and angle sensors. The force sensors can detect the forces exerted on the exoskeleton tips in real time. The angle sensors send the data of exoskeleton displacement to the Micro-Controller Operating Systems II (MicroC/OS-II, stylized as µC/OS-II) system, which provides the control of exoskeleton with status parameters. The control system sends the displacement information of exoskeleton joints to the Android system by Bluetooth communication module in order to actuate the motion of the finger model in a virtual environment. 
Control Hardware
The hardware composition and relationship are shown in Figure 2b . The hardware system can accomplish data collection of the sensors and handle the motion parameters of the fingers in real time, and meanwhile, it can satisfy the requirements of high integration level, low power consumption, and portability. The lower layer control system based on FPGA chips can be divided into five subsystems according to the functions: the real-time task processor module based on Nios II soft core, the DC motor actuator module, the sensor and data collection module, the power management module, and the Bluetooth communication module. By embedding Nios II soft core to the SOPC, the high-intensity calculation and real-time control on the lower layer are integrated into the Nios II soft core. The pulse width modulation (PWM) motor actuator communicates with other modules by the Avalon bus in FPGA, using the motor actuating chip to actuate the motion of DC motor. The data collection module communicates with FPGA by serial peripheral interface (SPI) bus. The signals collected are input into the control system by AD converter in order to sample the torque and joint displacement signals. The encoder signal is sent to the soft core by high-speed optocoupler through quadruplicated frequency and direction judgment circuit to get the motion parameters of the motors. The power management module supplies stable voltages for different modules in the hardware system. The Bluetooth module can communicate with the interface rehabilitation software and transmit parameters bidirectionally.
Software Interface
The interface based on Android system takes advantage of the portability of mobile devices, which can help the patients get rid of the limitation of fixed occasions and do the rehabilitation training anywhere and anytime. The human-robot interaction rehabilitation software of the hand rehabilitation exoskeleton is developed based on Android 4.0 SDK and supports most of the smartphones and tablets with Android system. The rehabilitation software is composed of the interface layer, data access layer, and virtual reality rehabilitation training layer, as shown in Figure 3. 
Control Hardware
Software Interface
The interface based on Android system takes advantage of the portability of mobile devices, which can help the patients get rid of the limitation of fixed occasions and do the rehabilitation training anywhere and anytime. The human-robot interaction rehabilitation software of the hand rehabilitation exoskeleton is developed based on Android 4.0 SDK and supports most of the smartphones and tablets with Android system. The rehabilitation software is composed of the interface layer, data access layer, and virtual reality rehabilitation training layer, as shown in Figure 3 . The whole system is shown in Figure 3a . The interface layer is shown in Figure 3b , adopting the tab weight interactive mode to provide doctors or patients with options on rehabilitation modes and control parameters. The data access layer uses the Bluetooth communication module to receive motion parameters of the exoskeleton in real time and store them in the database. The virtual reality The whole system is shown in Figure 3a . The interface layer is shown in Figure 3b , adopting the tab weight interactive mode to provide doctors or patients with options on rehabilitation modes and control parameters. The data access layer uses the Bluetooth communication module to receive motion parameters of the exoskeleton in real time and store them in the database. The virtual reality rehabilitation training layer receives the motion parameters through the data access to actuate the real-time motion of the virtual model in Android environment, as shown in Figure 3c . In addition, the contact plate is set on the functional position of the exoskeleton motion, and collision detection Appl. Sci. 2019, 9, 2291 6 of 16 between the virtual hand and the contact plate is used to inform the system that the hand has reached the functional position, as shown in Figure 3d .
Active and Passive Control
Control Strategy
The overall control strategy of the hand rehabilitation exoskeleton designed in this paper is shown in Figure 4 . If it is detected by the sensors that the patient's hand can do flexion-extension, then the active rehabilitation mode will be adopted, and the exoskeleton will follow the motion of the fingers. Otherwise, the passive rehabilitation mode will be adopted, and the exoskeleton will actuate the fingers to move. The motion ability of the hand is judged by the contact force between the exoskeleton and the hand detected by the force sensors, which is used for the real-time switch of the control strategy between active and passive rehabilitation modes.
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In the interaction rehabilitation software, when the virtual finger touches the contact plate, the collision signal is sent to the control system that will judge the functional position according to the signal. In the overall rehabilitation control strategy, the switch is accomplished by the sequence controller.
Modeling
The coordinates of the exoskeleton fingers are shown in Figure 5 . Every finger has four joints, which are joint MCP with two DOFs, i.e., yaw (MCP1) and pitch (MCP2), joint PIP and joint DIP. The joint angles of MCP are θ 0 , θ 1 , the angles of joint PIP and joint DIP are θ 2 , θ 3 respectively. The lengths of links are a 0 , a 1 , a 2 , a 3 , where a 0 = 0.
• Kinematics:
Due to the coupling effect between joint PIP and joint DIP, the ratio is θ 2 : θ 3 = 1 : u, and MCP1 is an adaptive DOF without actuating. The kinematic relationship between the tip position and the joint angles is:
• Dynamics:
The dynamic model of the exoskeleton finger is the foundation of controller design and simulation study. In this paper, the Lagrange method is adopted to build the dynamic model in joint space in order to facilitate the study of the control method. For the exoskeleton model moving in the n-dimensional space, the Lagrange dynamic equation in joint space is: Considering the coupling effect between joint PIP and joint DIP, i.e., the two SPRM with parallel mechanism are joined together and actuated by the same motor, the motor torque is the sum of the torques of the two coupling joints.
The coordinates of the exoskeleton fingers are shown in Figure 5 . Every finger has four joints, which are joint MCP with two DOFs, i.e., yaw (MCP1) and pitch (MCP2), joint PIP and joint DIP. The joint angles of MCP are 0
• Kinematics: Due to the coupling effect between joint PIP and joint DIP, the ratio is 
•
Dynamics:
The dynamic model of the exoskeleton finger is the foundation of controller design and simulation study. In this paper, the Lagrange method is adopted to build the dynamic model in joint space in order to facilitate the study of the control method. For the exoskeleton model moving in the n-dimensional space, the Lagrange dynamic equation in joint space is:
where ( ) D θ is the inertia matrix,
h θ θ  is the centripetal and Coriolis force, . Considering the coupling effect between joint PIP and joint DIP, i.e., the two SPRM with parallel mechanism are joined together and actuated by the same motor, the motor torque is the sum of the torques of the two coupling joints. 
Passive Control
Because of the partial or complete loss of motor function, in general, the stroke patients cannot finish the whole rehabilitation training, i.e., they cannot actively control their hands to the functional position. Under this circumstance, the control system of the hand rehabilitation exoskeleton can detect the contact parameters by the force sensors on the fingertips and switch to the passive mode, where the fingers are actuated to the functional position by the exoskeleton. In the passive rehabilitation mode, the goal is to actuate the joints to follow the desired trajectory and move to the preset functional position. The PD control method based on the inverse dynamic compensation is adopted and the control block diagram is shown in Figure 6 .
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Introducing the PD control method into (7):
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Defining the trajectory error e(t) = θ(t) − θ d (t) and velocity error
.
is the desired trajectory of the exoskeleton in joint space, θ(t) is the actual trajectory in joint space. Assuming the desired trajectory θ d (t), 
substituting Equation (3) into the dynamic equation Equation (2), and we have,
D(
..
if D is invertible, then from (4) we have:
setting ν as the following equation:
substituting (5) into (6), the error equation of the system can be obtained as follows:
introducing the PD control method into (7):
where K v and K p are positive diagonal matrices. If we substitute Equations (6) and (8) into Equation (3), the passive rehabilitation control equation can be obtained as:
Active Control
The active rehabilitation mode is that the patients do flexion and extension of the finger actively and the exoskeleton tracks and adapts to the motion status of the patients automatically. The controller does not directly control the exoskeleton to reach the desired configuration, but control it to follow the patient's motion according to the motor ability. According to the impedance model and the input of the force signals on the tips, the trajectory of the exoskeleton finger is planned in real time. The actual motion status parameters are obtained by detecting the output θ of the exoskeleton, thus we have the control variable e(t). The position controller is used to realize the real-time track of the patient's fingers. The control block diagram is shown in Figure 7 .
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The relationship between the joint space of the exoskeleton and the Cartesian space is
where () f θ is the forward kinematic relationship of the exoskeleton. Taking the derivative of Equation (10) and we have the relationship between the accelerations in joint space and Cartesian space:
During the contact of finger and exoskeleton, the relationship between finger and exoskeleton is a second order dynamic relation, and we simplify it as a linear spring model. In Cartesian space, the impedance model is as follows: ext F is the contact force between the finger and the exoskeleton. Rewriting the impedance model Equation (12) and substituting it into Equations (10) and (11), we have:
Due to the integral of Equation (13) and d θ has been obtained, the PID control method is adopted in the position control loop. In the active rehabilitation mode, the position error () t e is used to make the motor output torque τ actuate the exoskeleton to follow the desired trajectory, and the relationship between () t e and τ is as follows: The relationship between the joint space of the exoskeleton and the Cartesian space is
where f(θ) is the forward kinematic relationship of the exoskeleton. Taking the derivative of Equation (10) and we have the relationship between the accelerations in joint space and Cartesian space:
P = J(θ)
.. θ + .
J(θ)
. θ.
During the contact of finger and exoskeleton, the relationship between finger and exoskeleton is a second order dynamic relation, and we simplify it as a linear spring model. In Cartesian space, the impedance model is as follows:
where M t , B t , K t are objective inertia matrix, objective damping matrix, and objective stiffness matrix, respectively. P and P d are respectively the actual position and desired position of the exoskeleton fingertip. F ext is the contact force between the finger and the exoskeleton. Rewriting the impedance model Equation (12) and substituting it into Equations (10) and (11), we have:
Due to the integral of Equation (13) and θ d has been obtained, the PID control method is adopted in the position control loop. In the active rehabilitation mode, the position error e(t) is used to make the motor output torque τ actuate the exoskeleton to follow the desired trajectory, and the relationship between e(t) and τ is as follows:
where K P , K I , K D are the proportional, integral, and differential gains of the controller, respectively.
Experiments
Experimental Setup
The experimental setup includes the hand exoskeleton, the hardware of the control system, the Motorola tablet based on Android system, and the 12 V regulated power supply, as shown in Figure 8 . A pair of force sensors (Tekscan Company's flexible pressure sensor, 1 lbs) is placed on the top and bottom of the PIP joint of the exoskeleton finger to detect the contact force between the fingertip and the exoskeleton. 
Experiments
Experimental Setup
The experimental setup includes the hand exoskeleton, the hardware of the control system, the Motorola tablet based on Android system, and the 12 V regulated power supply, as shown in Figure  8 . A pair of force sensors (Tekscan Company's flexible pressure sensor, 1 lbs) is placed on the top and bottom of the PIP joint of the exoskeleton finger to detect the contact force between the fingertip and the exoskeleton. The operator can use the tablet to set the start, stop, motion velocity, and contact detection, and send instructions to the exoskeleton by the Bluetooth communication module. Meanwhile, the control system of the exoskeleton detects the motion status of the patient by force sensors in order to decide the rehabilitation mode.
The human-robot interaction rehabilitation software can receive the motion information of the patient's hand in the control system, and the model is shown in the virtual environment in real time to induce the patient to participate in rehabilitation training actively. During the experiment, we choose a healthy human as the rehabilitation subject. The information about the subject's three phalanxes of the middle finger is shown in Table 1 . The finger mass is estimated according to the volume [31] . All ethical issues with the study design are in accordance with the local ethical regulations. 
Experimental Implementation
• Passive rehabilitation mode:
The motion ranges of the joints of the volunteer's middle finger are measured by the NDI Optotrak 3-D measurement system, based on which the desired trajectory of the middle finger in joint space is set as: The operator can use the tablet to set the start, stop, motion velocity, and contact detection, and send instructions to the exoskeleton by the Bluetooth communication module. Meanwhile, the control system of the exoskeleton detects the motion status of the patient by force sensors in order to decide the rehabilitation mode.
The motion ranges of the joints of the volunteer's middle finger are measured by the NDI Optotrak 3-D measurement system, based on which the desired trajectory of the middle finger in joint space is set as:
During this experiment, the subject sat before the tablet, wore the glove with exoskeleton on hand, and kept the finger relaxed. The exoskeleton drove the finger to do flexion-extension and track the desired trajectory to make the virtual finger touch the virtual box in the Android tablet. The control block diagram is shown in Figure 6 . Control parameters in Equation (9) are K v = diag{0.4, 0.4, 0.4}, K p = diag{0.5, 0.5, 0.5}. The experiment time was 5 s and the data sampling period was 10 ms.
• Active rehabilitation mode:
The active rehabilitation mode uses impedance algorithm to drive the exoskeleton by the force on the tip collected by the force sensors.
During this experiment, the subject sat before the tablet and wore the glove with exoskeleton on hand. The subject was required to exert force on the finger and keep the finger relaxed alternately to stimulate patients with residual motor ability. In the active rehabilitation mode, the exoskeleton follows the hand. The desired trajectory of the active rehabilitation experiment is from the real-time simulation synchronous with the experiment. Control block diagram of the simulation is shown in Figure 7 . The contact force in the control law Equation (14) is from the real-time data obtained from the experiment. Other control parameters in Equation (13) during simulation are M t = diag{100, 100, 100},
The parameters in Equation (14) are chosen as K P = 0.5, K I = 0.0625, K D = 0.4. In the simulation, Equation (2) is adopted as the exoskeleton model, and the dynamic parameters are shown in Table 2 . During the experiment, the sampling period is 10 ms, and the motion time is 28 s. • Active plus passive rehabilitation mode:
The active plus passive experiment of the hand rehabilitation exoskeleton is the combination of active and passive rehabilitation modes.
During this experiment, the subject sat before the tablet and wore the glove with exoskeleton on hand. The subject was required to exert force on the finger and occasionally relax the finger to stimulate patients with incomplete motor ability. The sampling period was 10 ms, and the motion time was 5 s. The threshold value of the force on the fingertip was preset to switch the mode between the active and passive rehabilitation automatically. In this experiment, the threshold value was set as 0.6 N from pre-experiments. The desired trajectory of the experiment was also obtained by the real-time simulation. Specifically, if F ext ≥ 0.6 N, then the system considers that the patient is willing to and able to move actively, hence the control system will switch to the active mode. Otherwise, if F ext < 0.6 N, then the passive rehabilitation mode is chosen. In order to ensure the stability of the motion, the angular velocities of the joints were calculated by the passive control, and the trajectories were obtained by the integral of velocity.
Experimental Results
From Equation (1) the trajectories of θ d and θ in Cartesian space were calculated by forward kinematics, as shown in Figure 9 . The trajectories in x t direction and y t direction are shown as the curves in Figure 9a ,b respectively, and the mean ± standard deviation of errors are 0.17 ± 0.62 mm and −0.28 ± 0.85 mm, respectively. Therefore, the results show that the motion of the exoskeleton is stable, and the actual trajectory generally accords with the desired trajectory, tracking the planned trajectory well to do the rehabilitation motion, which can meet the need of passive rehabilitation.
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The dash lines in Figure 11b ,d show the desired trajectories of the exoskeleton in x t and y t directions, and the mean ± standard deviation of errors are 0.97 ± 1.64 mm and −0.12 ± 1.04 mm, respectively. Figure 11a shows the force on the fingertip collected during the rehabilitation process, and Figure 11b,d shows the actual trajectories of the exoskeleton in x t and y t directions.
The hand rehabilitation exoskeleton can judge the rehabilitation intention of the patient by detecting the force on the tip. At about t = 2.4 s, when the subject cannot exert enough force, the force on the tip is smaller than the threshold value. Hence the exoskeleton switches to the passive mode, and the angular velocities are calculated by the passive control, as shown in Figure 11c . At about t = 2.9 s and t = 4 s, when the subject can exert force, the force on the tip of the exoskeleton finger is larger than the threshold value. Hence the exoskeleton is in active rehabilitation mode and follows the subject's motion. The experiment results verify the feasibility of the control strategy and the stability of the system. • Active plus passive rehabilitation mode:
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The hand rehabilitation exoskeleton can judge the rehabilitation intention of the patient by detecting the force on the tip. At about t = 2.4 s, when the subject cannot exert enough force, the force on the tip is smaller than the threshold value. Hence the exoskeleton switches to the passive mode, and the angular velocities are calculated by the passive control, as shown in Figure 11c . At about t = 2.9 s and t = 4 s, when the subject can exert force, the force on the tip of the exoskeleton finger is larger than the threshold value. Hence the exoskeleton is in active rehabilitation mode and follows the subject's motion. The experiment results verify the feasibility of the control strategy and the stability of the system. 
Conclusions
This paper presents a kind of active and passive rehabilitation control strategy and builds the control system of the hand rehabilitation exoskeleton that can accomplish the control strategy. The hardware system adopts a single chip system based on FPGA to simplify the structure of the 
This paper presents a kind of active and passive rehabilitation control strategy and builds the control system of the hand rehabilitation exoskeleton that can accomplish the control strategy.
The hardware system adopts a single chip system based on FPGA to simplify the structure of the hardware circuit and the control system effectively. The Nios II embedded in µC/OS-II core is adopted as a core processor to allow multitasking parallel processing in the control system. Software interactive system adopts open Android as the rehabilitation software's development environment to meet design requirements of the hand rehabilitation exoskeleton, such as portability and handleability. The hand model built in the virtual environment can be driven by the data collected by the underlying control system, that is, synchronizing the movement of the human hand, which can improve the patient's active participation. The active plus passive rehabilitation control strategy is built. Two basic rehabilitation modes can switch actively via fingertip force sensor. The relevant experiment setup is established. Experiments on passive rehabilitation mode, active rehabilitation mod, and active plus passive rehabilitation control are performed, which verifies the feasibility of the control strategy.
In the future, the impedance control system will be improved to be more adaptive with the patients' intention in real time. Moreover, long-term experiments on post-stroke patients will be conducted to testify the efficiency of the whole system in clinics.
